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[57) ABSTRACT

A thermoplastic elastomer asphalt composition is a
blend of 100 parts by weight of asphalt, from about 12 to
about 20 parts by weight of ground rubber containing
primarily SBR, natural rubber, or polybutadiene, and
from about 2 to about 8 parts by weight of a styrene-
butadiene block copolymer. A block copolymer has at
least two styrene blocks, each having a molecular
weight of from about 5,000 to about 20,000 and may be
linear or branched. The blend has good low and high
temperature cohesive and adhesive properties, good
low and high temperature flexibility, and good elastic-
ity. The composition can be used as a crack sealer, a
concrete joint sealer filler, an overlay sealant for con-
struction materials, and the like.

20 Claims, No Drawings
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METHOD OF MODIFYING ASPHALT WITH
- THERMOPLASTIC POLYMERS, GROUND
RUBBER AND COMPOSITION PRODUCED

TECHNICAL FIELD

The present invention relates to a thermoplastic elas-
tomer composition having an asphalt base and contain-
ing a styrene-butadiene block copolymer with at least
two styrene blocks therein, as well as ground rubber. A
source of the ground rubber can be recycled rubber,
tires, etc., and the rubber can be either ground cryogen-
ically, or at ambient temperatures.

BACKGROUND ART

Heretofore, various asphalt-based compounds have
been made. However, none of them are of the type or
composition as claimed by the present invention. For
example, U.S. Pat. No. 4,069,182, while describing
many rubber-modified asphalt compositions, does not
describe the present compositions.

U.S. Pat. No. 4,068,023 relates to a rubberized asphalt
paving composition made from asphalt, lubricating oil,
and the like. U.S. Pat. No. 4,021,393 relates to a paving-
grade asphalt which is mixed with a non-resistant rub-
ber. However, both such disclosures lack any sugges-
tion of applicant’s styrene-butadiene block copolymers.

U.S. Pat. No. 3,440,195 relates to a sealant composi-
tion having a mixture of an asphalt with two block
copolymers. However, very large amounts of the block
copolymer are utilized.

U.S. Pat. No. 3,523,493 relates to block copolymers
and reclaimed rubber. |

U.S. Pat. No. 3,856,732 relates also to block copoly-
mers In a modified asphalt hydraulic sealer, whereas
U.S. Pat. No. 3,755,231 merely relates to a rubber com-
position containing styrene-butadiene block copolymers
therein.

Similarly, U.S. Pat. No. 3,900,692 relates to modify-
ing asphalt by the addition of styrene-butadiene block
copolymers. |

U.S. Pat. No. 4,264,481 relates to cryomilling of rub-
ber.

U.S. Pat. No. 4,282,127 relates to a composition con-
taining an asphalt, a polyolefin, and a butadiene-styrene
copolymer.

U.S. Pat. No. 4,145,322 relates to a process for pre-
paring a bitumen-block copolymer composition,
whereas U.S. Pat. No. 4,250,067 relates to dissolving an
asphalt in an extended oil in association with a rubbery
copolymer. An asphalt-concrete composition 1s dis-
closed in U.S. Pat. Nos. 4,217,259 as well as 4,172,061.
A bituminous composition containing a lithium salt is
disclosed 1in U.S. Pat. No. 4,332,703.

Other patents include U.S. Pat. No. 3,345,316 relating
to an asphalt-block copolymer composition; U.S. Pat.
No. 3,978,014 relating to a bituminous composition,
including a block copolymer as well as a thermoplastic
polymer; and British Pat. No. 1,201,135 relating to a
bituminuous composition containing block copolymers
therein. .

An emulsion for bonding aggregates using block
copolymers therein with petroleum oils is disclosed in
U.S. Pat. No. 3,825,513. Kraton block copolymers are
disclosed in U.S. Pat. Nos. 3,577,250 and 3,611,888 with
regard to asphalt compounds.
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British Pat. No. 2,038,848 relates to a styrene-butadi-
ene block copolymer present in a bitumen composition.

U.S. Pat. Nos. 4,032,491 and 3,345,316 relate to roof-
ing constructions including asphalt and block copoly-
mers.

U.S. Pat. No. 4,145,322 also contains sulfur in a bitu-
men block copolymer composition, and U.S. Pat. No.
4,130,516 1s somewhat similar.

U.S. Pat. No. 3,565,842 relates to a rubber asphalt
emulsion system.

None of the above patents suggest applicant’s compo-
sition of an asphalt, a small amount of a styrene-butadi-
ene block copolymer, and ground rubber, nor do they
relate to applicant’s process of such compounds or to a
process relating to a specific method of addition, heat-
ing and mixing.

DISCLOSURE OF INVENTION

It 1s thus an aspect of the present invention to provide
a thermoplastic elastomer comprising an asphalt com-
pound, ground rubber, a styrene-butadiene block co-
polymer having at least two styrene blocks therein, and
an antioxidant.

It 1s a further aspect of the present invention to pro-
vide a thermoplastic elastomer composition, as above,
wherein said composition contains a small amount of
oil.

It 1s a further aspect of the present invention to pro-
vide a thermoplastic elastomer composition, as above,
wherein said ground rubber is cryogenically ground.

It 1s yet a further aspect of the present invention to
provide a thermoplastic elastomer composition, as
above, according to a process wherein the asphalt 1s
heated, the oil is then added and the composition heated
to a higher temperature, and then the block copolymer
and ground rubber is added and heated and mixed at yet
a higher temperature.

It is a further aspect of the present invention to pro-
vide a thermoplastic elastomer composition, as above,
wherein said composition has good low and high tem-
perature cohesive and adhesive properties, good low
temperature flexibility, good elasticity, and the like.

It is yet a further aspect of the present invention to
provide a thermoplastic elastomer composition, as
above, wherem said composition can be utilized as a
sealant, a filler, and the like.

These and other aspects of the present invention will |
become apparent from the attached specification which
describes in detail the present invention.

In general, a thermoplastic elastomer asphalt compo-
sition comprises: a blend of 100 parts by weight of an
asphalt, said asphalt having a penetration value of from
about 160 to about 193, and a softening point of from
about 165 to about 175; from about 12 to about 20 parts
by weight of a ground rubber per 100 parts by weight of
said asphalt; and from about 2 to about 8 parts by
weight of a styrene-butadiene block copolymer per 100
parts of said asphalt, said copolymer having at least two
styrene blocks therein, said block copolymer having an
end block molecular weight of from about 7,000 to
about 10,000.

BEST MODE FOR CARRYING OUT THE
INVENTION

A thermoplastic elastomer composition has an as-
phalt base, that 1s primarily consists of an asphalt com-
pound, and also includes a styrene-butadiene block co-
polymer therein. The composition has good low as well
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as high temperature cohesion as well as adhesive pI‘Op-f
erties and flexibility as well as increased elasticity. A

primary area of use is as a crack sealer or road sealant.
The asphalt compound utilized in the present inven-
tion can be any conventional asphalt compound made

up or having as a portion of the composition therein
various asphaltenes, such as high molecular weight,
polar, ambient temperature solid residues from n-hep-
tane fractionation, various resins such as amorphous
solids or soluble in benzene/ethanol, various aromatics
such as low molecular weight oils and/or those soluble
in n-pentane, and various saturates such as those soluble
in benzene and/or low molecular weight paraffins and
naphthenes. Generally, such asphalt compounds are
characterized by their penetration value which is gener-
ally from about 160 to about 195 and preferably from
about 165 to about 1735, as well as often their softening
point, as measured by the ring and ball method which
may range from about 104° to about 114° F. and prefera-
bly from about 107° to about 111° F. Specific examples
of suitable types of asphalt include AC-5 asphalt as well
as AC-2.5 asphalt, manufactured by Shell, and related
asphalts as manufactured by Shell.

The ground rubber amounts from about 12 to about
20 parts by weight based upon 100 parts by weight of
said asphalt compound, with an amount of from about
14 to about 16 being preferred. The source of the
ground rubber is typically tires, as for example from the
tread area, the crown area, as well as the sidewall area.
The type of rubber utilized for grinding is primarily.
styrene-butadiene rubber, natural rubber, synthetic
polyisoprene, or polybutadiene. In fact, these three
types of rubbers generally constitute at least 70 percent
by weight of the total amount of rubber utilized in the
ground rubber portion. The rubber can be ground by
any convenient process as by hammering, grinding, etc.,
either at ambient temperatures or under cryogenic con-
ditions. The particle size is generally important and is
such that it usually passes through 20 mesh but is re-
tained by 60 mesh, based upon the U.S. Standard screen
series. Desirably, the size is from about 20 to 40 mesh.
Although ambient temperature ground rubber can be
utilized, it has been found that cryogenically ground
rubber having a mesh size of less than 30 is desired in
that 1t results in improved properties. Even though the
ground rubber generally acts as a filler in the blend of
the present invention, it is found to improve elasticity,
has increased resistance to age-hardening, as well as
improved temperature consistency by the use thereof.

The block copolymer utilized is generally in amounts
of from about 2 to 8 parts by weight, and preferably
from about 3 to 5 parts by weight, based upon 100 parts
by weight of said asphalt. The nonstyrene portion of the
block copolymer is solely butadiene in that other com-
pounds do not give good results. The block copolymers
of the present invention must contain at least two poly-
styrene blocks per molecule and can be arranged either
In a linear or a branch (e.g., Star) setup. The block
copolymer should contain from about 23 to about 40
percent by weight of styrene, and preferably from about
25 percent to about 35 percent. The molecular weight
of the block copolymer should be from about 5,000 to
~about 20,000 and preferably from about 8,000 to about
17,000, based upon the weight average. Another impor-
tant property of the block copolymer is that the solubil-
ity parameter should be in the range of from about 7.0 to
about 9.0, with from about 7.6 to about 8.6 being pre-
ferred. The utilization of the block copolymers has been
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found to generally convert the asphalt to an elastomer-
ic-like substance. Additionally, it improves the cohesive

strength of the final blend. Examples of specific styrene-
butadiene copolymers include the various thermoplastic

Kraton compounds made by Shell such as Kraton D-
1101, DX-1000 and D-1184. Other suitable compounds
include the various Solprenes manufactured by Phillips
Chemical Company.

Essential to the present blend is also small amounts of
a heat-resistant, antioxidant to protect the block copoly-
mers at elevated mixing or heating temperatures. By
heat resistant, it is meant that the antioxidant generally
inhibits any appreciable amount of oxidation up to 400°
F. An amount of from about 3 part to about 2 parts by
weight and preferably from about } to 1 part by weight
is preferred. Typical examples of heat-resistant antioxi-
dants include AQO-36 manufactured by the Akron
Chemical Company, and AO-47 (hindered polymerized
styrenated phenols) manufactured by Western Reserve
Chemical Co. Generally, any conventional antioxidant
can be utilized.

Conventional tackifying agents are also desirable in
the present invention in that they improve adhesion of
the composition to substrates. For example, hydroge-
nated polyester resins can be utilized such as Foral 85:
and/or Pentyln H, manufactured by Hercules Corpora-
tion. The amount of tackifying agent is generally small,
as from about 0.02 to about 0.5 and desirably from about

0.03 to about 0.5 parts per 100 parts by weight of said
asphalt compound.

Another ingredient often utilized is a processing oil,
as in an amount of from about 6 to about 10 parts and

preferably from about 7 to about 9 parts by weight per
100 parts of said asphalt. The oil has the effect of pro-
moting the blending and plasticizing of the blend. A
specific example of a suitable oil are the various Dutrex
oils manufactured by the Shell Chemical Company such
as Dutrex 419, or the various Sunthene oils e.g., Sun-
thene 410, a naphthenic oil, manufactured by the Sun
Oil Company. Generally, any conventional rubber pro-
cessing oils can be utilized such as the various aromatic
oils.

‘The mixing procedure 1s generally as follows. The
asphalt 1s heated to a temperature of from about 300° F. -
to about 400° F. and desirably from about 325° F. to
about 375 F. The o1l component is then added and the
asphalt oil mixture heated to a temperature of from
about 325° F. to about 350° F., with about 340° F. being
preferred. At this time, the block copolymer, the
ground rubber, the tackifier, if used, and the antioxidant
are added. All of these components are then blended in
a paddle type mixer and transferred to a high shear, low
speed mixer of a constant speed and a variable tempera-
ture. It is important and critical to the present invention
that the components be mixed under shear as opposed
to folding or ordinary mixing in that otherwise phase
separation occurs and the good physical properties are
not obtained. The blend is heated to a temperature of
about 325° F. about 400° F. for approximately 60 to
about 150 minutes, and preferably about 120 minutes or
until the mixture becomes essentially or somewhat ho-
mogeneous. Good agitation 1s needed so that the com-
ponents are distributed throughout the entire mass. The
oil in the blend functions to plasticize the rubber com-
ponents and at room temperature helps to maintain a
constant value for the penetration.

The thermoplastic elastomer asphalts of the present
invention have been found to have good low and high
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temperature cohesion as well as adhesive properties.
They also exhibit good low and high temperature flexi-
bility and meets ASTM D 3405. Other improved prop-
erties include increased elasticity, higher ductility,
higher resilience, good low temperature adhesion, good
adhesion to substrates, and the like.

Several important uses for the composition of the
present invention include use as crack sealants, water-
proofing membranes, roofing membranes, sealants or
adhesives, stress-absorbing membrane innerlayer
(SAMI), stress-absorbing membranes, inner liners, con-
crete joint sealants and fillers, overlay sealants for con-
struction materials, roofing and waterproofing mem-
branes, undercoatings for domestic and military vehi-
cles and equipment, pipe coatings, marine sealants, vi-
bration and noise attenuation, and pothole fillers.

In addition to the above ingredients, various other
common ingredients can be added such as colorants,
inorganic fillers, and the like.

The invention will be better understood by reference
to the following examples.

RECIPE 1
Asphalt (Shell AC-5) 3.00 pounds
Naphthenic Processing Oil 42  pounds
Shell Dutrex 954 O1l 105 pounds
~ Antioxidant (A.O. 36) 0158 pounds
Ground rubber 776 pounds

Block styrene-butadiene-styrene copolymer 1335 pounds
(Shell’s Kraton 1101)
Block styrene-butadiene-styrene copolymer
(Shell’s Kraton 1000)

Tackifying agent (Foral)

1335 pounds

01  pounds

TOTAL 4.5940 pounds
RECIPE 2

Asphalt (Shell AC-5) 3.00 pounds

Naphthenic Processing Oil 0.607 pounds

Antioxidant (A.Q. 36) 0158 pounds

Styrene-butadiene-styrene block copolymer 178 pounds

(Shell’s Kraton 1184)
Styrene-butadiene-styrene block copolymer
(Shell’s Kraton 1000)

L0889 pounds

Ground rubber 766 pounds
Tackifying agent (Foral) 02 pounds

| | 104 pounds
TOTAL 4.7807 pounds

The above formulations were prepared Into an as-
phalt thermoplastic elastomer by initially heating the
asphalt component to a temperature of 350° F. for ap-
proximately 60 minutes. The o1l component was added
and mixed at a temperature of 340° F. for 15 minutes.
The block copolymer, the ground rubber, the antioxi-
dant and the tackifier are then added and blended in a
high shear mixer at a temperature of approximately
340°-360° F. for approximately 45 minutes. Recipe 1
was subjected to testing and yielded the following data,
pouring temperature in °F., 375, penetration, cone at 77°
F., was 60. The flow at 140° F., mm poured at 375" F.
was 20, and a no break flex temperature of less than
minus 25° F. Recipe 2 yielded similar data. The materi-
als had good adhesive and cohesive temperature and
excellent adhesion to substrates.

In contrast thereto, a flexible sealant thought to be a
rubber modified asphalt cracked at a temperature of 10°
F. Thus, it can be seen that applicant’s invention has
much better low temperature properties.
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6
While applicant has described in detail the best mode
and preferred embodiment of the present imvention,
according to the patent statutes, it 1s to be understood
that the invention is not limited thereto or thereby, the
invention being limited by the scope of the attached
claims.
What is claimed is:
1. A therm(Jplastlc elastomer asphalt compos,ltlon
comprising:
a blend of
100 parts by weight of an asphalt, said asphalt having
a penetration value of from about 160 to about 195,
and a softening point of from ahout 104 to about
114;

from about 12 to about 20 parts by weight of a ground
rubber per 100 parts by weight of said asphalt; said
ground rubber having a particle size of from about
20 to about 60 U.S. Standard Mesh; said ground
rubber selected from the class consisting of sty-
rene-butadiene rubber, natural or synthetic polyiso-
prene, polybutadiene, or combinations thereof,

from about 2 to about 8 parts by weight of a styrene-
butadiene block copolymer per 100 parts of said
asphalt, said copolymer having at least two styrene
blocks therein,

said block copolymer having from about 23 to about

40 percent by weight of styrene, a solubility param-
eter of from about 7.0 to about 9.0 and a weight
average molecular weight of from about 5,000 to
about 20,000, and from about 6 to about 10 parts by
weight of a processing oil per 100 parts by weight
of said asphalt.

2. A thermoplastic elastomer asphalt composition
according to claim 1, wherein said blend includes from
about 3 to about 2 parts by weight of a heat-resistant
antioxidant per 100 parts of said asphalt.

3. A thermoplastic elastomer asphalt composition
according to claim 2, wherein the amount of said sty-
rene in said block copolymer is from about 23 to about

40 weight percent by weight.

4. ‘A thermoplastic elastomer asphalt composition
according to claim 3, wherein at least 70 percent of said
rubber in said ground rubber component is natural or
synthetic rubber, styrene-butadiene rubber, polybutadi-
ene, Oor combinations thereof.

5. A thermoplastic elastomer asphalt composition
according to claim 4, wherein the molecular weight of -
said block copolymer is from about 8,000 to about
17,000.

6. A thermoplastic elastomer asphalt composmon
according to claim §, including from about 0.02 to about
0.05 parts by weight of tackifying agent per 100 parts by
weight of said asphalt component. |

7. A thermoplastic elastomer asphalt composition
according to claim 6, wherein said asphalt has a penetra-
tion value of from about 165 to about 175, and a soften-
ing point of from about 107° to about 111° F.

8. A thermoplastic elastomer asphalt composition
according to claim 7, wherein the amount of said
ground rubber is from about 14 to about 16 parts by
weight, wherein the amount of said block copolymer is
from about 3 to about 5 parts by weight, wherein the -
amount of said tackifying agent is from about 0.03 to
about 0.05 parts by weight, and wherein the amount of
said antioxidant is from about 3 to about 1 part by
weight.

9. A thermoplastic elastomer asphalt composition
according to claim 8, wherein the particle size of said
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ground rubber i1s from about 20 to about 40 mesh and
wherein the molecular weight of said block copolymer
is from about 8,000 to about 17,000.

10. A thermoplastic elastomer composition according
to claim 9, wherein said ground rubber has been cryo- 5
genically ground.

11. A process for forming a thermoplastic elastomer
asphalt, comprising the steps of:

obtaining 100 parts by weight of an asphalt, said as-

phalt having a penetration value of from about 160 10
to about 195, and a softening point of from about
104° F. to about 114° F.;

obtaining from about 12 to about 20 parts by weight

of a ground rubber; said ground rubber having a
particle size of from about 20 to about 60 U.S. 15
Standard Mesh; said ground rubber containing
essentially of styrene-butadiene rubber, natural or
synthetic polyisoprene, polybutadiene, or combina-
tions thereof

obtaining from 12 to about 20 parts by weight of a 20

styrene-butadiene block copolymer having at least
two styrene blocks therein,
sald block copolymer having from about 23 to about
40 percent by weight of styrene, a soluability pa-
rameter of from about 7.0 to about 9.0 and a weight 25
average molecular weight of from about 5,000 to
about 20,000;
obtaining from about 6 to about 10 parts by weight of
a processing o1l per 100 parts by weight of said
asphalt, and 30

heating said asphalt, said oil, said ground rubber and
said block copolymer to a temperature of from
about 325" to about 400° F. and mixing under high
shear.

12. A process according to claim 11, including adding 35
from about 3 to about 2 parts by weight of a heat-resist-
ant antioxidant.

13. A process according to claim 12, wherein the
amount of said styrene in said block copolymer is from
about 23 to about 40 weight percent by weight; 40

wherein at least 70 percent of said rubber in said

ground rubber 1s natural rubber, synthetic polyiso-
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prene, styrene-butadiene rubber, polybutadiene, or
combinations thereof: and
wherein the molecular weight of said block copoly-
mer 1s from about 8,000 to about 17,000.
14. A process according to claim 13, wherein the
amount of said ground rubber is from about 14 to about

16 parts by weight, wherein the amount of said block

copolymer 1s from about 3 to about 5 parts by weight,
and wherein the amount of said antioxidant is from

about z to about 1 part by weight.

15. A process according to claim 14, wherein the
particle size of said ground rubber is from about 20 to
about 40 mesh and wherein the molecular weight of said
block copolymer is from about 8,000 to about 17,000.

16. A process according to claim 13 including sepa-
rately heating said asphalt to a temperature of from
about 300° F. to about 400° F., heating a mixture of said
process o1l and said asphalt to a temperature of from
about 325° F. to about 350° F;

adding said antioxidant, said block copolymer, and

said ground rubber and heating and mixing at a
temperature of from about 325° F. to about 400° F.

17. A process according to claim 15, including sepa-
rately heating said asphalt to a temperature of from
about 300° F. to about 400° F. heating a mixture of said
process o1l and said asphalt to a temperature of from
about 350° F,

adding said antioxidant, said block copolymer, and

said ground rubber and heating and mixing at a
temperature of from about 325° F. to about 400° F.

18. A process according to claim 13, including adding
from about 0.02 to about 0.05 parts by weight of a tacki-
fying agent per 100 parts of said asphalt.

19. A process according to claim 16, including adding
from about 0.02 to about 0.05 parts by weight of a tacki-
fying agent per 100 parts of said asphalt, and including
mixing said tackifying agent with said antioxidant.

20. A process according to claim 19, including adding
from about 0.02 to about 0.05 parts by weight of a tacki-
fying agent per 100 parts of said asphalt, and including

mixing said tackifying agent with said antioxidant.
W s 3 " »
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